


‘ 


‘W S aN 
iby F ‘ hh Me , 









Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1988 


Construction of a LAN for the Turkish Naval Base 


Oylan, Recep; Akca, Serdar 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/22990 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
e (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist | et Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
TT \ KNOX appointed -- and published — scholarly author. 
http://www.nps.edu/library 






LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 




























































































































































































































































































































































































































































































































































































d dl Ld beth A, et lh ede hd Sh ee eS ee ee | se ete tte ME bth) OO ee ee ee ee ee 
eis an i es Pty a ae ye Rw nt ds) iP sb 7 ees te ee a ed thd eed 
‘ ’ eed ey i ad CL Te ee | Teh RS WOO snr tehig MPA Ret Sere PE ee Td ee mara San 
Us Ce a ee ae Te Lt See Yer eye a yrs OW ee te er ere me ee oe 
s] AF hae | Ue ’ A Firtaind S004 = Te Tor Tiree ee aes AT oe ety Wee ee eh hath, nto 
2 ° we o re) wre Pred wee ey arch Oe es Nee Pere 
a S fl f U 8 rv) i. ee ee Ee | ee Pe yee ee ee or! Seeder tet athe phil 
a oy A a eee Ce ek me es ee Toe YY OO arth pray Sy She thy -bplngrieche 
D ‘x ' |. o Sat Se mye Awe Aiea: Ow Wee tak ie te re We Pvrra Aa heeent> thee hapdientaetndedtpatens 
i ms t ) ar) y ar auras © & Q:8,8 & Para try x se Se ee re] Ye ee hk eh ete tl 
7 . ‘ Le id a eis ee, ee | ec oe et) ee ee ee CL ee ee te ON trae dharani ligne tpnt clamp 
Serer a rs ’ er) PD real eS COR ee RO ee ee Ye ee A a TL Lh da enh bleetnedaramdbaes 
oe ee ee Lae | a er qeortse Tee) ee oe ee ee ee) a a eT Oe Cts ee ee ee CE he be Dh el ait Seta aod dah eal 
a A e @ #8 #8, eer) ae Or ee Pe i ee Se we ree eee Pe Pr 0 te Cr oe Te od eid, -botbnd bette hptantenited 
R ) ’ o o Ce ee Ue Oe er LAN Bee Pe eee eee ee eee de bndh-deeernetitthetet 
a 8 ' t a Loa eA Oe TY en | La i, aha ea ee) a th I ek Dee hh  ibeboteiootatee 
: Ss 1 i] a C A rv Sy nT) cL) Poe Se Pe eee ee he] 
- * er) en) o rr rn) mam A aA et ee ee See Te ta kh 
. f so fe Pi ee ee Ye eer rie Yee es YR Eee ie Sek 
. . ' . q ao ‘ a 5 ara 2 ee a bate | 
Pert Fi 5 4 Fj fo ee ea, 2 ee | ' eo Cn oe eee ee i) 
7 Lieu ' an ny ee Bre N A erase ge an rides a ivr. ir Pe Ay Oh Te th She he. died 
' Cn! A grr ueed eeatgay r oe | ee ee er i | Oo i eS eC Ok te 2 ee ee ad 
mee meee tn) ce ee he a hs Ce he ee ee ee ee a Ce de et Mb lee teh le Dead 
5 A ae er Ty “ir eter teen aL ne | ATR Arn wes OV atts 188 Tame tite ee ie een ee Meier tle J Tere tha ee te Te) 
o pa 2 : ee sy et 1. #¢ \ ee OL Pre ee ee ek Oe ee) oe te ie Oe : Ot ST Ee Th date tnd delve deel 
. sone ‘ Cee ay a Lt ‘ Ce be LT he Pa. ee Se ree) ey an UL TL Pees eM OSE oe ge er ee eee eee ke eT Ad eeseies 
7 iD PC oc ee | ‘ meen © fe Oeereet a orto Berth aZem, "a: sMcete @ efnsd Pate Mey Pe oe PY ee ie Pe Ck ee eel han bee 
ee ‘ b O 8 tet yi i. ok ee ae Pd eee ee Po en PP ee eta te eel heehee 
iz bs A = Ls Cin a ’ ry 4 } Crise oe es we aulatva ? | cr yy a rey ee Bh eh 
i" L oa o D fl i ee aa Th a(S ee es oe Py su at Pe th etn Clee hehe le Liles ten 
FT ‘ . . ry ry nl edo | or ry oe Lee | Pers ee Cn tay) Cee vi ee eS ow ee) Pr Slips Lailihdhie ahs emdlin “ein Led 
oe i " vt L ‘ LJ U or oat iD a ea Se ee ee ee re i en ee eee YY $ bested taphcbediedired tne 
is D ' d ot Te a Ce Oh hk i ‘ Coo et ec Ln a oe) f i ee | FRaANe Nene ee eee te 
i f HY LD ' D ' oo owe tang gte Car wate oT) ee PC a St res SC te oe Ct mee Pr Ts tt Ter | cP eS Torti er teh Ld Pel Sk eee td toe 
oa " i] o ee es te) " eevoe oa OUTTA TO Gem! pp AIF we Ren © OM ee Beet, LAR A GAME FOR FT OLR eter song Nsetde 081g ade bestthdsdincleectaltn- ap Meher ala shen Sali Ateantchadetyeh Te 
i! 2 on om ot La "oo ek eee 0, ee t Yee ee Y Uh ae SRR ee ee ee er) ee te Y RLS Be ee EL BL! 
Cae | iu Cae eee Came Var Pit Ja * Pr a i ee eee Oe We Ye ee Ce ba ee Nee A Men, OE Bott alma Ce ee 
‘ f D aie! ee oo ny ne | 1 r an] 2 bet sty be Me RT Ce Mae? a Ue Arpt VP Sane) parte hae ot eT Re et he 
x D ‘ ' ia an Py ar D Oa An) er er rr, ee ie Per ie Ot Me DT, 0 BRUNI Cee Ee 
u s oe . (ieee ie te Or ee he er et Ok Oe er Pee Rh Det oe ed 
: o ae an] iu a | O f Ce ee ee ee vr ry Ci nr ee er] i oe ee re | ve ae Me ta PS ° ry Pe a Lh hal S Tins ee lieth heed 
4 LJ iS = Gg = aa LY ] ra.) o a) move ed Te me Ce, ee i a a ee Le) Shee Se Pa Cr ee ee er Wa) oe See eed 
iu o . oa . i ee Ot er he ee ee, ee Te Oc i ee rr ir er ae 9 Pe ne ee ee. Te | ys Li Nulaephe ae spery > 28 sesh 
4 a) Lt er re | PP OL VRS EE AE YO Fe my RaGdI & Uw Reetrote oly Os OPES HEA RAM 10d BRED FIRES 0, tFe Reid OFM fe Ryn 0 Ors LOVE NSTANS OTOL a 908 Say! 
: ' Ty) D ' ry a et | Oy ry Maris ! OQ nt QQ yen Ble sey te ge tee@ 8 ee VAN D gra POR er ae Re en Ro TOE hee bn leicht bedi adalah det 
i ' e. A 1 ] ’ ee ee le er ‘7 ae Cer ee St Ce a Poy) Serer Tt Py tan Werk ‘er laen Be EL HE OLS OM eer ASH og hod 6 Math Ot ODS ONTR Se Vane 
‘ o ‘ nr ra] sae 0, Py “) SL ee ik eS Ore ee ee Pa ee RES a. ae Yk or Oe TO mY Ct ibe She eT he td Wn Ws OWA ee 
' i a f e rT oer et Ya WY ees Oe eT a 010 3948 Ae Oy ee a TPE ee ee 
a8 ' sohon Le Caan he er f ee LE ie lit Ne 8 Pe i LY Ah en he Ce oe Oe tae ee 
Uke M4 ' Ce a | q Py he of (atk Le ny ce Pr ee OF VOR kr Ge Be hw ws 
bs sea 4 e. ee Ye eT DRUM Cee tk re ro ira ry 
oe oa bs ' ia . ‘ woe Oe | ' 1g Sese Ce ee Pree RTPI) eee vie Tk ee | PORTA tere ear) eet re? Ly 
' Le ' C= O « a oF aye i ee) A ak P aL be] ' a8 UP ee Witt eee Ye eT Rinselriges Viewer ett. © SiAyg hw eae th] 
: A be ' n Ce a ,u her Ca Ske ek Sy ee Prem TLYs GC TEe Me Tisai etre eee eno eo Stipend manatee 
oa | 8 ry O . ' Ol 1 * wer oe Veuaae Pain | T ee tee Ce a, a ae Cnet ee hoe er th ee ce ee 2 nod Mee Pe Te ve ey Pree) oe hes) Prey ee ek ee bk ey 
- Ld oe | Te | * e: PT Ot Ce ee ee | Ce CL i a ie he PCT TT Peter cy Pa ee ee Ph ee eet ree ae ert oe Bulky eae 
Ca sos ny oa cay CY ' ry Ce ae 1 st ar i) ' eved CO ee eh Pe, ed ed Ste Te re er Ee 2 es Ber ee Tee Oe le ke oe ee ee a 
. r ' r rn oe n wine re Ba SR se Vovgee OYE y ee i eC er Tc er ee er be Se ae tor Pivin ys ere ee tt ek Lee beh dd belli ian 
. ' 1 v- » dee eat a ee ee er ee 0 en ee tr rar Se Jar} | [eo ee RTS Oe OO td tended beh) 
O oa Cay a er } ee A rae) a oe er ry a ee | A an PO eR a ed 
3 . Tate) ’ n foo ee We Vd pee eo oe oe? Cr oT On ee Te ee Dae 
' o Cn eer Ch hr Dy Fie es 1) eo Pe a ee ro) Sich tetentas meth eh~tianeaens 
o ' "464 ro er] ra ran tate ve CC it 1 rk Peis th, Y re Poe me ST CC Pe er ce Te a Pea YT | Pe ht ae 
bd e tue fn On «eof it ee a ee ee PCr cr a ioe (ee i, ee Yer we er ay Th oe | Pr he 
UJ ad ' ' ' a re) . e ernrte ry "y dne.d 4d. eh ee ey > teetatve it ee a ‘ge wr vary Pa ee abe L Tie altel bb deeded teeliedaetaat ads hide 
z me - ‘ Bite ena a at 9 F By nr) Ooo a Cal er er) eo | rere Me TeraT rire te Te rye 7) | " Pie toe ee ee a Re) 
. 1. i a oy of 4 1 a ty aan ae ek | 1 Ph oY e ca) ty cy a id te eh ee ed CP ee yeh ee oe) te he ee ed Pe OL ee te a eid me mesnal 
D ' O mao lees | ry ida ot | stom on «f rh | Ptr Cn i on ee * Peed by Cat Peo Tw Mripiii yin. atu tin i Si es PE ee a lbeke 
. . i iu ' . A Pe ee fae aes er Oe ee he tr ee ey Pee a ee oe a 0 ee, a © 1.8 m C1 mee Ge eer et ts ek SL ee 
. Lisi ie . Ce ee | ' ' a “ee Cen ee ey Be a a Per uC Tern ree N FB, tl eee ot 
L| ' o ry 5 « ry oe%ee st L2 evn a ae SR ee 
a] ' ' i) en) har A ry r ‘ Cra med ee be be ee 
iu e car) rar) Betfair a e* arty a ar] ary aT Cer eA 
7 ' he ry) en VC re Pe: ie er rire me cht) Merce Yee Yee Tk ee | haan tite beh diet peteetliod 
2s v i 1 . a ed P an Ce ee ee ee . aa) ee Sa ee ey Ce Ph er ee i eh rt 
id ' A fT ¢e ta] OT cea | ) ar Ree “Sapte srateos o Gm. Q'a ht 8 Bie © ate pertoas Are YL) 
. LI ' oy | ieee jh ry . Ce ee ee te es i 7) ee. el oe ee hn TL ey Net enn eee enn eee ed beet tetera 
* ' . Ce re ee ee ee Ce Cr oe oe a eT) 7 Cy er ee ee eee ee ee ee Pe ee ee ee Pe a hich aiid 
oa ere fy “s 88 Po, CC Oe re oe on Fee Ot eek ater MA! Ye Brg CFR He QOmen Sa ide b ntineds de Deen dh bietaad id Leh. tl 
' at | en! ‘ ty Yee med @ ene r LCL Pe st e's Wete we ST Th BN eh th 
. i ae aes eames A Cr oa etewee ey a MET et tee dh wate teeta tein 
i rs ' . " ' a F Pry. eT) =a ae Sere os Peewee (TC Chek bk ee ee ot ke Fy 
ry . 1 fn rar —_ Care ie 1evd i nS -4e Le 
F ee U s 1 ' ' ,eee "shh woe on cel eee eee Tie et) te oo Pee Te 
Ce os wh &e oe ; Pree ee Yee he Set Se et ee ey Se eo ee Se 
D a « Dar A . ey | o einte Ws ofe, me &! SNS ne ee i biel 
: hal tao] . 1 Oe ew folk OF © eh Be BER ee cp RPOieas Dey AIT IM On er he ie ht Rd oh eee ee 
- ae U Cha] om ri VF ee we teats Pree We Ce Moola die thndit teks Cy Ley eR nO Pe ts eh ee 
. Py . = Pee fe nee ' «eo oe woo ee 9c Bt Yee an oe eed tar) th Pie A) ye ee ee ee ae ee ek Po Be ee kh 
a . f A ' a %e ZT" t ate er ee ee ee ce een we Th. ee re Pee Te s cdbdhdiabedl daa tnbatcbvate depaeat Seah nthe 
‘ UJ o . 4 » oaNn ' Pe ee Sa] cia we! tye Viaree « eFa®e ew 4 5 Oe? LT a Th te Se eee fh 
D oO F Fi hee Pr ic, ee ee cee tr Pa ee) Rebs b Dhar Oe ae re 
« ° iu * o Oo Tk Se wer? WT eee ° wy hd nr ataadetieli 
U io oO o . - A rT oe 8% 04 . Lara | ee “sas Ort ew 5 Pe | ee ie 
' ne ae | o ‘ ' 4 i its Sr eer 5 Oe ee ee = wks Bfesn * ws ee ae i aie dt 
D ry D Fi ee . ee 0 Oa eG u oy keh a bein 
5 ee) Paar) o [ibe Ca me Lh Sry ‘Tory Le a ee od pir tbede-b eh Denia datbtah es 4 
n e Fier . On Por eee 0) ee Dey) ar a) SE ete eh ok 
. . - ate ' Fy A Pr * ees 1a" 4 Tea] Peet eee ee fk 
oO rr A ' r 5 Gree % ge Os Pe ee, ee ee ee ee ae 
o » ’ Cem e We CTC yay eat ern} ST eT Ta th ie Oe ned te 
* u « tar (hel Da gr ae) io 3 oo he we uP. tee Oey ey ee ee 
eae . . Py fe ut ws! ee 
. ‘ ¢ f Pais ek Oe a 
. * oy tate oi ta 4 . A A A,eiy a 8 Ph ea niTy ee et et 
oe . rd F PG seae orig rary rl ie et ee ee ah 
O . . Ot eee r » Th eee ye 5 Ce eh Ee cleo) a i 
a o oF « Pal A « $ ae é Peet te AY 
. a Oo . . ° e ' rir e« n rid Beet Seen woX% 
La id Ca bs re -— Co . ¢ Ay eta tes eee te te dheeed 
. r . A oe PD H mec, ear Par et Th ated 
id Ce * of ry a =e a the 4 
« a a o oy Py on en | ry A er) ee) ed 
: * ry r ara) 54 as etd aoe ed 
ary ' . . fre Neo 3 Pea hha 
' ' oy iB 5 rt 1 @e a ey Staaten * 
i oy . 6 rd a Py e ©» »! whe Sytem Re 
5 e- ie ra Pete ied eer LIAR A ere et ed 
: Ca) e S a) “4 « ? vee ay ek ee basi bh ott 
« « . . o at gta . 4 Jamel heed oe hh 
Par . a 2 1 “es Alter = ee 
o PRA a # eee A ° hi ee! 
: ae iM . eens “¥ "es vue _ ee 
‘<i ao. 6 Coe, \Cuer unt es] ' ay ef fe ‘ Lr hd 
a ° oo SP 8 Fite 7 «aye rg ra . 5 
o . fn ee - ores ry a 1 is 
e f ” 5 rar ‘ sbeo ge Ps water t 
nn aaa , a 8, ee ‘ Tihs: Shien ec aPedbonded ' fete hs 
oy ' r PL) b| Se er a eT eed = 
oa o . . " Ce. Phaet | F et et aro or oe 
oO « : O A . . bd Come ters ae: 4 5 Pet ee ed eee ee a 
ce t . ere a oe oa oO eC Pe er Pa a te a) ry 
: ' eee ary PU ry ete ee SO Se 
. ee oe a er er % ' S ofag 
ry po D Lf ry Oo U 
A 7 U a A ‘ « 
iy Py i} Ls - LJ 
. . ad ' . ar 
LJ a 
. 8 e. A . « 
‘ Ltd « ee . s« A tat 
t , . ry oy ie . 
a ' bd e Pa 
D . to. rn ee ri 
« , aay . re . - . 
LU cr a “ 
ar) ‘ . G 1 
« . 
oF LA sen 
3 % 8 Pan] 
1 o Pe Pa nr) aa) 
cia « as ay eae LC Coa 
5 ; a 5 a ie eR 
_ r . « : = 
5 p os ee ™ - : 
Ps a < i 5 ‘cn ery 
: wa 7 ey etre a ‘ECT Pee ee ee. ee 
* ay Pe = far a aire a va ne as ot od a 
= « . . . cr Pearl % Cal - 
1 oy et | o r n F Py . * s ated i Z 
’ ' . r 1 ee ° p oa Beh at 
. -. O O eee rs Coil ngad 
Fi ' or) A Cen é « oe aetna 
' pl D 5 ra) Fi . a . dal elle tae a roe samannet 
u o 5 a nd oa a Fa 8 vali tah bila ON I) Cad te 
4 rf a] a . . a) ou 
Ld oe: = ' . « oo a | a > ' Cr) ri 
« aT ry « . - Par « 
e 4, a ae ea, os . a) Pa . 
Ld +. ° O Ca . n Py Lg 
. bs % Ce is © 8 eg tre: ers BR een es . 
Pa a oa . Bae oar) rad ~ 
seas Cd « wey aay oO eee 
- Pu . = . U fie a senie ls eh CE ee dh at fol 1 6 “2 ” 
me ® Pave « « a r a ’ a ee ee oe ee tT de) Pe J a oF otge b es" 8 gt L dd ¢ rs 
S ~! ry oa { Pry A 5 a ee ee a ee a . Me oer . A otic a! ot eh Ld cl eee | a8 Spat al asc 6 nate 
: a a ec! ° e ‘ * . 1 . « Pr ed tarvase Pi) a Pr rs fenwipei Cad ob 9 aos ay eRe toes Rh laa dead aa ol 
. r ra ny ' O ci a4 « a a i oogew vg a ee oe er ay Cir J re . 2 ee a A et re ge ot dat erlima de Segal tay sa eagle 
. bd eet o Ca. a e Pees ee ee a Peak Yer tar ee ace er oe er ar) 7 rt i) eves ewe PAK Ce re Pr Se A a ald C aa th sul edlhedl eiaemamlans 
A . «e 2 & 7 OR ra) 7 Et Nae pm genres —ehebgheed An alli’ nfl 
5 Pa Cr | a Pa | i i 7 De ita eed ri dt behind dated Olea iG 
ts 7 sew 9 ~~ Dl ee hd eae hades ties tnd ar tape 
‘ ' a ay fa Pa = byt . tre cces sete 9 FN dl ool oe aid oe be 
. ' rs Ain r Pz PP oc wie ee te 8 ae ee 
OD Pe ‘ A .0.P she wer >; BY a et I at el tal alt ie Sa a ote 
we Ae Py nae Mane ie it fe So es eee Oe eno we ee eet eT) ae 
oO i ' a Pr Ce ee eS oe ed Ie eet Od ae DE ad aretee 9 wa 
a ee rd a OU a a ad TL. te Sa dey ok ed aol of Moe of Leeeetg I ears 
ot ' oO F Cee 2 ee ce Cer pp eet er eters pe OF LSP grein ante 
oy eo. a t PT a er ee ie Ci es ot J Pa PG PEP ee ie a ae DT eal el ele alah nal ete 
a. 4 « fe ae es ye 8 8 0% ott al ial ON 1d ies Tle Lal oti a Palette en gh aah be [alan dale tent telateat 
1 Poi) ' Pin se ow te Me et Pd ee dS ele el data S aintntiatatn Lot cek adheaetet a ik. oul dnd bea cane oettick 
i Ce ne er ee a Y . ar | ae a | CL ee Ta, 2 i i a Yo dag spectral cli Same 
ct eee | 18 Cee ear 5 Perey ee ee ee Se el ed ok okt th Ee oh Rd eld nia ool ed ahd ol ee nee 
D any ra] A Py rary Ci ed oe Ce el I ie ol ad wwretre Cd alle lal pas si ears 
iu a oar] a Ce Sr a er Pe aa Pe ee i ee ee ol te oa ta | Se ek el en eal led needled 
5 a ee Ce o o re 7 er eerie eT ta ee re ee ee ee le eT hed atid aenkh etnal 
; H ous Pe a ae ee 21! fT ar Cd ST MN Na ae et eT A ld hn oe lad ale elena atid 
Lea « so oa Cr ee ae ee ee re Oe dial Da al lal lias 
ee er o n Ak thee ee OF ee ee a TO a a nae LY (272 PE hal laa! eed paral ered adie 
a U a a J n PMI eM LY ih ea ee aT ee Lee Me ere erie bier ere Te eens Mere MM Edad lia alll bl lated 
s ea eu L eoe€y rar) Pa etme a @ ee oe dts Ltd ee he eh ee : Sette tel tal Lah ode ale TL ial altel cenit 
| ae ae ere @eoe¢ ter sear ee) hee ee OL) ge ee ot aed on ak a todo al a bd et be ean | aa thelial 
‘ , « ' ry rene ry eer # 5s rd Caen ee ype eters we Oe ae ad lal te ol Saal tl ah ae ee OF ad ad] Ro cal laeDicei tied 
cr] A oa O ry ‘ Par ww ee a eI ok Le ok Lip bk Saf a a I the a ee Gn says oe we Calla yg tal at ol heh celta 
o ' cory re eer, ee | aa ee Tey ne ee Cds ath ik de etal dak sak ae A lt ell th tl hel ale ha a 
iO oa A Cr Aa eee aor ee) Care at LOW ae rs be Mt te ed te ee a ad el ohh 
Ca A Par) Aes FP a Ser Me a eh | y a ae 1 PROTEIN 18s saQer mare gingeineee 8 Pte hel allies onl onal aelemctieeal aatall ed 
U 7. Pe ee Je ee, CT ed rd Ps yrovea a 8 CN el el de al leat Ll ae el Mle eal dal al al a oad state eet beciochel 
cary ee aan a) A ° eer er eer Sy ee oir aa ” UN el a ht Pt at lal al tl learnt he 
' | O ae o a ee Le ee cs er 7 Ce ie ie ae ee RT Pe dead bet tel ae nL pet ct oie ill el atl len 
‘ : : . re ee eer ier! ad Peni eee bee tet cl tete eee oh eee Poet re nl te ee lee otal guia rade 
Py ar < a car oer tunwesge Swe ae ae ry i CR a net koe cy ie Dae oe “s ne nN a re aa el patel teed 
a ci o Py) Per OO A, CS ne eT el tr nd Tl celal al al al ll lata 
ca oO nd D a Port Parana id re eee terre ll CL we Me Se a RR en ee a of oti bk oh eeineatemeeaeenl 
. . ‘ is eras oT a] PT eM ad te lg el oa tae kek Se Dela te ke ee cl el i fal tne pl ann lnc 
o ‘ a o Fe Cre ne ra Pe a ie se ee en ee ee ae al ae al aetna tat 
Lt oF ie . ees «yw Ta ee Pk ed OT el Rees ok MRL ee! Ale Del deel Oe Ll a ed le 
oO a e A ees Sean any a a ot a on rr rt Pe kl ll al ll al lk ool alee ath 
ro | e in 7 oe ee ee oad Calls ee ot tal ad el Nel atthe edd sat all de FT le ek ae el tl a ee el 
' . ry eetusre r Pi ar ie ie Peo ie i at if ee ee ee ee ee ee eT de bls Dal ahah earl ace ania Nie iit eaten 
. a cy r 7 rT een on errr arene Ck ea, eee oe tk TT FRAN ey we banal ete art beatae 
i 5 ca ‘ Ul o i ee i et y POR | SM de en Lh ek a enna et dete eal 
a) A D reer) . Comte cot éana LI ok i) a te I Lat aS Med a) Ct el el oan aa el ee leh erbanelae 
A . o « « ° Ps rica uk eee Pra naa We er? Gr RP ee i ne id el leah ot eel heehee 
. 7 : A ¢ en ae et om | Yl rd f “¢ Pe kT dee Le ee a ee ke Pe a ite als el an oth te Heke dal anita deh tek oneal enh oi di eet od etieenioed 
' « rn ae ‘ . Py Par) ra rate to Pre fe Prey oe ee Oe a he eee a eee eet De dee Tele ed ade hee ee Le ee Rte ee oda 
i ie a D ae r Pr ae en i ee UL es teem et OM a ee od et eetalea! le eee ai allt etl ted lieneh arti chelitchaltiatcteiatsid 
iu Ld a ny @vetean* Lr ee Ce ee ee od oe ee ee ee ee oe oe i ak ae ett Be A tele Bical 1 eal th ie Ee ee el ee a Te 
ra . rae A ry rs Fy ey ) a. PA ‘ Pry FP AL en oe ee ode ok oh a et Ld TT ead OI eT ae alee all ae al a ods aah clk oe eel lee ies 
a) er ia ne en ee ene ene ee ee eee een ee eee erence ene eee eee eee ee latte i a al hal ancl tate alia 
o Py foe ra f Pee re | OC Ne ree ee ee, oa er ae eee wet te Mh ke a Td ileal calcet etter iiematealia 
o Ca . sage a re | Ce od i re | aena Pr ee Oe ee a a ee Ee) te geared tis a All caked ih dak Ath die lh el enced nicl dapat 
a ‘ a w Pre a Piste ten Ole rest Pbestreel = s & ie ee ee ee Se ae ek Me ee OD te od ae cd a Cn eaten alti 
U ' ' o eh eee i i | re ae Me ee ee ec A a ey OTe ae Mie bt al od a oe ae OTT et alettitdind 
er iu "8 oun” 4 p PO Ce eee Ce Se a en eee ey te ae enced tile eh Suber ytie 
Lae! Jia) iu a ae er) eo | r at ad 7 hats ie DE | fit ghd wt ae mg 8 Hl chat ets it v Se Jt ted athe Penna ber theabe 
f A * e, eae A a er i een Fok weet) 37 Awe . Ole & a toritndvate et ee wren Toes Dk ot ode als nd wheelie oer Gumieit eee 
ie) Lea a Pas fen e Cir Cy a ok OO os oe oe et eo Dd De ee So a ad ol he hopasmpled Aas” ho GRY aber sf nt tac ela irr tt tas 
5 A fo ee at A Pinky ee ae OT tata i Pre RE ial sk oh} Wee Le ef ee no a el het FR er eee Te Sih kd De ees ta te ee eed ae 
eh ae ey Nee r oa Cr oe ae F cay rr i eo i) Mee Eh ed eRe LL LY a ta te ie Se ON hee Dh shee ei tak hols Peet hedeaeh heh ek oe tet deka 
: o D ea he a er ST ee ee MC mr Mt Be ere iy | er an CM Lirias ma Tf Men neo ee ea ee 
‘ ' ca at ‘ ) i hae La gee ee PO elk Pe eMC ee a ae ee ee Oe ed Ll dens det eed el cele 
Cr ee ry F a Eee | te ror Por i sa a m8 0 et ey Peek ie Als bk en i ee a le re oe el ae a ob ol edad Fd Td ee et 
' ‘ o oar ae | er a ue Cr a ee Oe Pere Ne Sek oe YO RY a eer nee wet ch i bale i cellent 
. t. 1 ry r : Paar Park rs ye a ny Fi Ce ee ee Sr oe oe I oat had ice oe th Oe Re ke oe ee en FT al cok a teed atl ot ach, A talk hed ek tallies achat ietalad 
i ‘ Ca a ee ee i) ea ee ee On Poy a ete oe fee OTT ae oe oe eee Ee Ohad mie tere ete tea a ade renianns Cae cesta ae 
Pe eee ea oe ‘ ror F Oo MO OPI a re ee ST ak on his el nial cath ate dachag-etaadiansh whet 
| Ce iar ‘i hiecdiis nS tea atine F CO er er ey i i re Cn Pee We oe ok Wd ke te a ne a el th eed etait di dat dade di eet 
oa " oboe D oe raat tor Deer A $ te , eT ok ree ery a ee Oe ee ee a ee al et al Deel desind bal anh ennai 
. o . y ee oe Ca ha et Cie We Leer) Be Oe eee ee eee eee eee ec eee ee ene eo ey ti datadtittalandllia lelatinatdeh dieatalehiaiainant tte 
ee) - 0 A o Fi ee eet Lawea ay oc a ome a Pe eo ele eee ee ee Lk ee rod ie | at hi debater acini de iehelbataiettiet cheaters 
' U ary i rae ere o Oe ee ee " Lr ee ee ee 9 Ny cet a eee et al ee ed ot eo ie a ee ie ard ik laleiatdn neti eahinadtediaiidhe nes 
® 7 D ' a eon D a a ha] Pe ee ee eh A ahr et See ce MS a Poet we Pe rk ee al al lhl cod all ale 
. iO ' oi i Ueno Dia ' 7 Ct Be Cn: er) n i he a ree oe ee me | Pel ee ae 0 ee re ee ec en en ee ee Oe eee es mt neta de sted 
7 . aa n $i $4 2 b= 2 the 2 Oe Pre ee ral at ak ed a ee A ee ee ee ee ee eee er Oe Td ined olde ool satebol 
2 a ae : é Te CT ce ai eh het AOL Ne SY A i A De i Ses Daa ll dh aha la dd ek ideale 
o % re ae ) . =e = 4 Met ae) ed Pt A OOM ee oe Ue Me i a ee, ail abel Medediemia dria 
i ee : CP or er | DSN ee ee ee ee ee eee ee eee ee ee eee een eno eee ee ae be dt bo 9 
7 as . o Poni 2d (TST Mere ore be ot poet ey tied ee eo OT teak atin pl teat 
A A Pad fy i ar] ro i ea Ci ee Oe he a ie i ee he ek ek ee Ee ht eed Gel ee he el ol 
. a : Par) Pe OE oe ee et a hte a Sik a a | UR et eT et ok Be a ne ook halla 
. ‘ ot 5 1 . ry ee OP GR) be ee Ok ee eee nn ee ee eae e ee ae atk ae 
aa ‘ A eee e eT VEAL CELE EE OSE TSE pm Prigeie raneyerae ipl! eee het Be ok aie ook La ak el chan iehenladld 
rece Peet oe Fee De? Yar ee] Peet I A Peet od i Rd a et re at SPs Wa ie peer er De ero dae Bk 
fl 0 . 8 A Fy OnE Wy Or Mer at oe ME Oe Ct la ee ee al eae oe et 2 ole ee tl ol leateeatt 
ae ae ss a i Na Riri La be oo Da nin it Ld Ree pe Pe ntenretegiedl dado atc 
° 6 ' 5S ol Petal bot Mod Ol BRO gf es ot oe Behe le Dee dk et be, | ok od ptt ch i oat fe! bt cence 
5 ran 0 Paar o A x or) ad Cae dat oN die be et Ty ok Aly PO Yet ee ak eal hh I A iia i lt Alle dal one 
a aa . ' Py r « “ . &oen ett ot ia) ae I OE aoe) ck ds oe elt aed ck ok ee ee ee od a a lel dk altel a 
D A oy a | Cr ed « Le fhe tai a4 pres a eee Se DS ee oe TL Cer ie ec ee oe ae ee ie el eek do ieee 
o o Ca cic D ott of ak Ls eae) Neen ee eee en en eee een ne een eee ene en ae ee dk tal fok seh aihah tal col alata ete 
a ‘ 4 a] ° Py io ek ee r Ce oe J PT UO ERY We i te ee ee ey el he no ad a ee De kl al oe cal 
: o oa . Pree a ec re oath os ly POE Sr ta SM MO UR tae ee eo Ue rs bhp) ot ieee dah a 
is . + i Es Ce et ae Ci a a i ee Pe Ws ie be had ok oh en ah | Pee aa Me he ate ot La 2 atk oh ol Dh dered Shea ss) Delp eer connie 
* a oO “tre t Pe Se a) et el ee eT ee ee Ok Sh ll delal dentin oe sdhdiindiiedhe ho-atindteduis 
o * ‘ r ee) eo) PY ee Py AM ew eR. ee meet me Se ee oe Se Oe a ee ake a a ot he 
o o ae Por ee een ii i ‘ P gf de ORO CM al Bie Vo sci gy CAE et nb Dich hl etal Mat it od diel dale be saath ch diana al be Platelet tel 
' a . o y eae ty pa a Ue re ie) ee Ce tes Mr tk De ge ee er) ie ae tbh ek Mh bd ah dd Meera < bh 
a Cee ect Her ue § ° Ah Pare ee er jee i Ce Ce oC a MS ol te ee Oe ed Bh OS De De a ak Machachdeatin Sakhalin dt edpiedebehnbdh pp a-ph-tele 
. e ' i . » $9 - ties + Pea a ae et eee ee PrePrints ee in er tr Pere a fe pe i eo PS pi reee oe ek 





Ae are iF a hie 
4 it, Ti it ' 
4 FF CA! 


let ML, 
1G al 
f 











NAVAL POSTGRADUATE SCHOOL 
Monterey , California 








THESIS 


Na 


CONSTRUCTION OF A LAN FOR THE 
TURKISH NAVAL BASE 


by 


Recep Oylan 
June 1988 
and 
Serdar Akca 
Sevtember 1988 


Thesis Advisor: N.F. Schneidewind 





Approved for public release; distribution is unlimited 


1239119 





Unclassified 


a te 
security classification of this page 






REPORT DOCUMENTATION PAGE 


la Report Security Classification Unclassified lb Restrictive Markings 
2a Security Classification Authority 3 Distribution Availability of Report 


2b Declassification Downgrading Schedule 





Approved for public release; distribution 1s unlimited. 


5 Monitoring Organization Report Number(s) 












4 Performing Organization Report Number(s) 
ba Name of Performing Organization 
Naval Postgraduate School 


6b Office Symbol 7a Name of Monitoring Organization 
(if applicable) 32 Naval Postgraduate School 


he Address (civ, stare, and ZIP code) 76 Address (city, State, and ZIP code) 


Monterey. CA 93943-5000 Monterey, CA 93943-5000 


Sa Naine of Funding Sponsoring Orzganizauion Sb Office Symbol 9 Procurement Instrument Identification Number 
(if applicable) 


Sc Addzess (city, state, and ZIP code) 10 Source of Funding Numbers 


11 Title (include security classification) CONSTRUCTION OF A LAN FOR THE TURKISH NAVAL BASE 
12 Personal Author(s) Recep Ovlan, Serdar Akea 


13a Type of Report 136 Time Covered 14 Date of Report (year, month, day) 15 Page Count 
Miaster’s Thesis From To June 1988 60 


16 Supplementary Notation The views expressed in this thesis are those of the author and do not reflect the official policy or po- 
{sition of the Department of Defense or the U.S. Government. 


18 Subject Terms (continue on reverse if necessary and identify by block number) 
LAN, CSMA/CD, broadband, PC network, topology, access method. 
Se 

es oa 
h19 Abstract (continue on reverse if necessary and identify by block number) 

This research discusses the design issues and fundamental techniques of a local area network (LAN). It then constructs 
and chooses a LAN for the Turkish Naval Base. Three ships and headquarters will have their own PCs, and they need to 
rapidly and accurately exchange information among them. 

The thesis examines the issues for designing a LAN and discusses four fundamental technical issues. These are (1) 
topology, (2) transmission media, (3) access control, and (4) transmission techniques. Finally we introduce PC LANs, and 
‘select and recommend a PC LAN broadband system with coaxial cable. 












20 Distribution Availabtlity of Abstract 21 Abstract Security Classification 
(J unclassified unlimited (_] same as report CL] DTIC users Unclassified | 


22a Name of Responsible Individual 22b Telephone (include Area code) 22¢ Office Symbol 


N.F. Schneidewind (408) 646-2768 S4Ss 


DD FORMI 1473.84 MAR 83 APR edition may be used until exhausted security classification of this page 
All other editions are obsolete a 





Unclassified 


Approved for public release; distribution is unlimited. 
Construction of a LAN for the TURKISH NAVAL BASE 
by 


Recep Ovlan 
Lieutenant J.G. ‘Turkish Navy 
B.S., Turkish Naval Academy , 1982 


and 


Serdar Akca 
Lieutenant J.G. Turkish Navy 
B.S., Turkish Naval Academy , 1982 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN TELECOMMUNICATION SYSTEMS 
MANAGEMENT 


from the 


NAVAL POSTGRADUATE SCHOOL 
> BA, 


ABSTRACT 


This research discusses the design issues and fundamental techniques of a local area 
network (LAN). It then constructs and chooses a LAN for the Turkish Naval Base. 
Three ships and headquarters will have their own PCs, and they need to rapidly and 
accurately exchange information among them. 

The thesis examines the issues for designing a LAN and discusses four fundamental 
technical issues. These are (1) topology, (2) transmission media, (3) access control, and 
(4) transmission techniques. Finally we introduce PC LANs, and select and recommend 


a PC LAN broadband system with coaxial cable. 
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I. INTRODUCTION 


A. INTRODUCTION 

Today, the use of computers to communicate the results of users’ information 
processing has started another revolution: telecommunications. Computer technology 
has advanced rapidly within the past decade and the need for communication and in- 
formation exchange between computers and offices has grown rapidly in recent years. 

Local area networks ( LANs ) have grown in popularity with the widespread use 
of personal computers ( PCs ) in offices and organizations. LANs are an effective me- 
dium for the interconnection of PCs providing a variety of applications, including re- 
source sharing ( such as central files and expensive peripherals ) as well as information 
interchange via electronic mail facilities. 

PCs become much more efficient when wired together in networks. Electronically 
sharing peripherals and information, these networked organizations are easily able to 
outstrip their non-networked counterparts in both productivity and creativity. 

In a network each member of the organization may independently use a personal 
computer. One PC, with processor, file storage, high-level languages, and problem 
solving tools, 1s expensive. In a network, these resources can be shared economically. 
Some files must be shared by a number of users. Members of a military organization 
need to share work and information. The most efficient way to do so is with a network. 

In parallel with the growing need for communication and information exchange be- 
tween elements of a fleet, it is very important to provide national defence. The Turkish 
Navy requires rapid, accurate information transmission which will make communication 
more efficient. The ultimate purpose of this research is to provide a valuable commu- 


nication network for a Turkish Naval Base. 


B. STRUCTURE 

The structure of the remainder of the thesis is as follows. 

Chapter 2 presents the system objectives and system requirements which includes 
the user and LAN requirements. Chapter 3 presents the LAN objectives and discusses 
the LAN design issues which include basic LAN components: transmission media 
(coaxial cable, twisted-pair wire, optical fiber); topologies (bus, tree, star, ring); access 
methods (slotted ring, token passing, CSMA/;CD); transmission techniques (baseband, 


broadband); switching techniques (circuit, packet, message); and standards and proto- 


cols. Chapter 4 deals with the selection process for the fundamental design issues of a 


LAN, discusses and chooses the appropriate LAN, Recommendations and conclusions 
are provided in Chapter 5. 


Il. SYSTEM OBJECTIVES AND REQUIREMENTS 


A. INTRODUCTION 

This chapter consists of three sections; svstem analysis, svstem objectives, and sys- 
tem requirements. The system requirements will be examined from the view of the LAN 
user. We will analyze the svstem in terms of the system elements and locations. 

The following questions must be answered: Who will use the svstem? What does 
the system do? What are the objectives? Where is the system located? The answers 


to these questions will provide more understanding about the system. 


B. SYSTEM ANALYSIS 
The system analysis consists of the elements of the system and the locations of the 
System elements. 
1. The system’s elements 
This section presents users and their functions. 
a. Users 
The system consists of ships, ships’ departments and their headquarters. 
The ship’s departments consists of four departments. The headquarter ( HQ ) consists 
of four staffs. Figure | shows the structure of the organization. 
b. Functions 
The headquarters staff and the ship’s departments perform their own func- 
tions and the following administrative activities: 
e Official letters and endorsements including memos. 
e Staff'department studies and equipment reports. 
e Bulletin and publications orders. 
e Messages. 
e Classified documents. 


e Routine administrative forms. 


The headquarters staff which includes operation, engineering, personnel, 
and logistic performs the following functions; 


1. Operations: The operation staff is responsible for the operations, plans, organiza- 
tion, intelligence matters and personnel training. 





Figure 1. Structure of the organization 
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Engineering: The enginecring staff is responsible the matters of maintenance, mal- 
functions, and equipment management. 


3. Personnel: This staff is responsible for personnel services, facilities, personnel re- 
ports and personnel records. 


4. Logistic: The logistic staffis responsible for supply, transportation, for equipment 
service, budgets and stock levels. 

Ships operate under the authority of an officer ordered to command. Ile is 

called “captain”. The commanding officer is the line officer in actual command of a ship. 

The ships have these basic departinents: Opcration-Navigation, Weapon, 

Engineering, and Supply. Each ship’s department has a department head, an officer who 

is responsible for its organization, training, and performance. The ship’s departments 
perform the following functions: 


1. Operation- Navigation: This department is responsible for safe navigation; plotting 
ship’s position; collecting, evaluating, disseminating tactical and operational infor- 
mation; coordinates and plans for officer and enlisted education programs; and 
keeps the intelligence reports. 


2. Engineering: This department is responsible for operating and maintaining the 
ship’s machinerv, power lighting, water maintenance and underwater fittings, and 
for preparing the machinery reports. 


a 


3. Weapon: This department supervises and directs the use of ordnance and ship 
equipment and is responsible for gunnery, deck seamanship, ordnance equipment 
and ammunition, and prepares the ammunition and gun reports. 


4. Supply: This department handles the procurement, stowage and issue of all stores 
and equipment of the command. It pays the personnel salaries, and keeps the stock 
levels above the specified levels. 


2. Locations of the system 
The svstem will be located in the ships and on the land. The ships are located 
at the dock. The HQ is about | kilometer from the ships. The distance between ships 


is about 100 meters, and the distance between the departments of the ship and HQ is 


about 100 meters. 


C. SYSTEM OBJECTIVES 
The primary mission of the Navy is in maintaining our national security; it protects 
us against Our enemies in the time of war, and improves combat readiness. 
These missions will be maintained through the network. We list the following ob- 
jectives about combat readiness and office automation. 
1. The fast exchange of current information. 
2. Fast and accurate decisions about the enemy. 


3. Reduced time for cooperation between system elements. 


Office automation refers to the aggregation and integration of several applications 
of computers and networks in office work. The aim is to help the office worker to per- 
form the routine administrative functions of his/her job faster and more effectively. 

The majority of normal office functions can be broken down into four basic activ- 
ities: document preparation, message distribution, information management, and infor- 
mation access. These functions lead to the following objectives. 


1. Increase the communication efficiency, decrease the processing time and leave more 
time free for creative thinking. 


2. Transfer routine tasks to computerized systems. 


3. Use the computerized system for locating reports. 


In order to achieve these objectives, the authors will design a LAN, connecting the 


locations which are indicated above, and recommend a particular LAN. 


D. REQUIREMENTS 
1. User’s requirements 
A local area network provides a data communication system that allows trans- 
mission, storage and processing of data. 
The users of this system will be military personnel, so the user’s requirements 
will have some of the military characteristics. We can state the following users’ re- 
quirements: 


a. Document/{message processing 
¢ Word management ( editing, deletion, formatting, inserting ). 
e Electronic filing ( information storage and retrieval ) . 
® Quality print capability. 
e Automatic generation of charts and graphs. 
e Automated file indexing. 


¢ Computation capabilities. 


b. Document/message transmission 
e Electronic mail. 
e Automatic distribution list (directory of users). 
e Acknowledgement/unacknowledgement of receipt. 
e File transfer. 
e Facsimile. 


e Store and distribute message. 


c. Document/message management 
¢ Centralized and automated file access ( searching and retrieval ). 
e File storage. 


e File purging. 


2. LAN requirements 
This section will describe the LAN requirements. 
a. Services 
Network services refer to the functions performed bv the network. Services 
are provided to the network by the protocols. The ISO model has a seven laver com- 
munication structure, each layer provides a set of services to the adjacent layer. If the 


system requires additional service for specialized application ( facsimile, file transfer, 


word processing, electronic mail ) the network requires additional software which can 
provide the [SO model with higher layer functions. 
6. Information transmission 
We can transmit four tvpes of information (data, voice, video, and imagerv) 
through the network. Each one has its own characteristics. Each one requires different 
data rates and buffer handling techniques. 
Data has the following typical attributes: 


1. Message transfer are relatively short transactions, often less then 4000 bytes in 
length. They include status and control, terminal commands , results, data base 
access commands, and human message interchange. 


2. File transfers ( stream traffic, bulk transfers ); application includes data base re- 
sults, archiving, inter-process file communication [Ref. 1: p.58]. 


c. Traffic 


The network must provide the necessary protocols which are the transport 
and the protocol lavers for imagery traffic. Two types of communication contribute to 
tvpical traffic paterns: 

1. interactive users at CRT terminals to/from host computers. 


2. computers to/from other computers or intelligent devices. 


In the first case, terminals operating at data rates in the 9.6 Kbps to 19.2 
Kbps range offer bursty traffic to the network. In the second case, computers offer 
higher data rates. 

Terminal to computer communications are typically transaction oriented 
or bursty, and include data entry, word processing, program development, database ac- 
cess, and remote job entrv. 

Applications in which computer-to-computer communications take place 


are high speed; they consist of: 
l. File transfer. 


2. Distributed processing, including inter-process communications. 


Computer-to-computer interactions take place at the maximum speeds al- 
lowed by the computer and network architectures (10 Mbps, typical). 

The volume and characteristic of network traffic define the communications 
paths and associated performance requirements. The network must be capable of han- 
dling the data rates typical of the traffic type to be supported. Determination of the 


traffic throughput involves the collection of application traffic statistics which 1s shown 


in Table | [Ref. 2: p.179]. In Table 1, duty factor means the percentage of peak data rate 


can be transmitted continuously by a user of related application. 


Table 1. INPUT LOAD 


rate (kbit’s) | tor (%) 
Fileisiock O_o Seo ie 
| Information'calendar server [9-6 FS 
| Word processor HS 
| Dataentryterminal TG OD 
[Program development 9-6 5-20 
|Facsimile CC‘*iC SG SD 
|Voiceimmediate Ci 4 0-H 
| Graphics noncompressed_ | 256 IO 
| Graphics compressed | 4 10-30 
|Gateway —C*d CHD O 
Host S MISS 000 —~*d;C 2 



























Traffic patterns into and out of each user device are estimated to determine 
the required speeds and capabilities of the network. The traffic exchanged between a 
user device and the network is the sum of the traffic of that device's individual applica- 


tions {Ref. 1: p.65]. The detailed network traffic is shown in Appendix A. 


d. Security and privacy 
The military organization needs different levels of security to protect from 
unauthorized attemps to access to classified information. In general network securitv 
can be defined as the protection of network resource against unauthorized disclosure, 
modification, utilization, restriction or destruction [Ref. 3: p.336]. 
Security also means the protection of ships, stations and property. There 


are three classification designations in the mulitary organizations. 
peep Secret 
Eee ecret 


. Confidental 


Gs 


There 1s another category of information for official use onlv: unclassified. 

In the case of a militarv network, regardless of the level, all classified infor- 
mation must be protected against unauthorized disclosure and it requires protection in 
the interest of national security. 

e. Reliability 

Reliability 1s the probability that a system or component will perform its 
specified function under specified conditions [Ref. 3: p.327]. 

The reliability of a network depends on the reliability of its components. 
A node or link failure will affect the reliability of the system. The topology will be se- 
lected so that a failure has the least impact on network operations and other systems. 
In the military organizations high system reliability is essential. 

f. Interconnections 

The network may require communication to the other networks which in- 
cludes communications to other LANs or to WANs. 

The Turkish Navy will require a military network which includes all com- 
ponents of the Turkish Navy, in the future. In this thesis the LAN will be a part of such 
a military network. Interconnection between the networks requires gateways. 

g. Interfacing 

Each device in the network requires specific interface protocols to commu- 
nicate with other devices. Each network interface unit has to handle data at different 
receive and transmit rates. 

To ease the burden on data processing equipment manufacturers and users 


standards have been developed that specify the exact nature of the interface between the 


equipment. A variety of standards for interfacing exist. For this reason it is expected 
that interfacing between the element of the proposed LAN will not be difficult. 
3. Evaluation of the LAN 


1. The capability of the network has to meet user needs. 


to 


The network has to be flexible to meet changing Turkish Navy requirements. 


In order to reduce user problems, the system has to be simple. 


Bo 


The system has to exchange information between a variety of equipment. This re- 
quires compatibility. 


5. The network has to be standard to provide vendor independent and universal level 
of communication. 


We can state the following parameters to define the framework for the proposed 
LAN. 
e Maximum node-to node distance - I kilometer 
e Number of connected nodes - 20 nodes 
e Data transmission rate - exceeding | Mbps 
e Low error rates - no more than 10~° 
e High system reliability 


e Hrgh system availability - not less than % 95 


Il. INTRODUCTION TO LAN 


A. INTRODUCTION 

This chapter will introduce the LAN. The first section of this chapter deals with 
LAN objectives and second section deals with design issues. The second section incudes 
topology, access methods, transmission medium, communication channels, LAN proto- 


cols and PC network configurations. 


B. LAN OBJECTIVES 
Local area networking 1s a form of computer communications generally used for the 
internal transfer of data and information. A LAN will accomplish several objectives and 
benefits, which are shown below for a Turkish Navy base. 
1. Peripheral sharing 
Network computers can share the services of printers, hard disks, modems, and 
other peripherals. Divided among all the PCs on the network, the per unit costs of these 
expensive peripherals is significantly reduced. Shared resource can also increase pro- 
ductivity [Ref. 4: p.169]. 
2. Information sharing 
A LAN allows program and file sharing rather than each PC creating and stor- 
ing its own files on separate storage media. Anv user can have access to the files ac- 
cording to the security level permitted for the individuals by the Department Of Navy 


regulations. 


C. LAN DESIGN ISSUES 

There are many design issues in local networking. These are network topology, 
media, access methods, and standards. 

1. Topology 

The topology of a data link refers to the physical arrangement of stations on a 

link. Network topology describes how the stations of the network are inter-connected. 
The topology determines the network in terms of reliability, expandability, and per- 
formance. The topology is classified into four basic categories; bus, tree, star, and ring. 


Figure 2 illustrates these topologies [Ref 5: p.329]. 





Figure 2. LAN Topologies 


a. Bus Topologies 
In a bus topology, illustrated in Figure 2, there are no routing decisions re- 
quired by any of the nodes. A message flows away from the originating node in both 
directions to the ends of the bus. A node must be able to recognize a message intended 
for it. All stations share a full duplex transmission medium and receive all transnussions. 
b. Tree Topology 
The tree topology is shown in Figure 2 which is generalization of the bus 
topology. A transmission or a message from any station can be received by all other 


Stations and propagate throughout the medium. 
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c. Star Topology 
In the star topology, illustrated in Figure 2, there is a central switching node 
which provides communication between any two stations. Each station is connected by 
a point to point link to a central node. Nodes do not have to make routing decisions. 
d. Ring Topology 
The ring topology consists of a closed loop. Each node is attached to a re- 
peating element. Data circulates around the ring on a series of point to point data link 
between repeaters. A station wishing to transmit waits for its turn and sends data [Ref. 
5: p.340]. Ring topology is shown in Figure 2. 
2. Transmission Media 
The transmission medium is the path between nodes of the network. The media 
that have been used in local networks include twisted-pair wire, coaxial cable, and op- 
tical fiber. 
a. Iwisted-pair wire 
One or more pairs of cable are enclosed within a single outer sheath. 
Twisted-pair cable in generally used for analog signals but has been successfully used for 
digital transmission. It is flexible and easily installed. The maximum transmission speed 
is less than coax, approximately | Mbps over a distance of | km. It is typically used for 
connecting computer peripherals and modems and computer systems. Environniental 
noise can effect the twisted-pair wire. With conduit shielding the curse of environmental 
noise on twisted-pair can be lessened. 
b. Coaxial Cable 
Coaxial cable is the most popular medium for LANs. The cable has an in- 
ner conductor (wire) with an outer conductor concentric with and completely surround- 
ing it, which is usually grounded [Ref. I: p.40]. Between the inner and outer conductor 
is a dielectric. It is expensive and difficult to install. The impedance is 50 ohm or 75 
ohm which ts use for LAN applications. Cable television networks (CATV) use 75 ohm 
coaxial cable, that has a bandwidth of more than 300 Mhz; 75 ohm cable is used for 
analog signaling with FDM, called broadband. Baseband 50 ohm coaxial cable can 
easily transmit information at 10 Mbps. 
c. Optical Fiber 
An optical fiber has a center core of a glass or plastic material surrounded 
by a cladding layer. Optical fibers transmit light instead of electric signal. It can 


transmit at a much higher bandwidth than coax. Light is not suspectable to 
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electromagnetic interference. Error rates are very low. It can transmit at speeds of 200 
Mbps over distance of 2 km. It has good security; the cable is not easily tapped. Fiber 
optics implementations are more expensive then twisted-pair and coaxial cable in terms 
of cost per foot of cable and required equipment. 
3. Transmission techniques 
There are two transmission techniques: baseband and broadband. Baseband, 
using digital signaling, can be employed on twisted-pair or coaxial cable [Ref. 3: p.75]. 
a. Baseband systems 
Baseband refers to the transmission of an analog or digital signal in its ori- 
ginal form. The entire frequency spectrum of the medium is used to form the signal; 
hence frequency-division multiplexing (FDM) can not be used. Transmission is 
bidirectional. The digital signaling requires a bus topology with contention control 
usually, CSMA CD. The system can extent only a limited distance, about 1 km. 
Baseband system is shown 1n Figure 3 [Ref. 3: p.77]. 
b. Broadband systems 
Broadband implies the use of analog signals. FDM 1s possible. The fre- 
quency spectrum of the cable can be divided into data, TV, and radio signals. Much 
greater distance are possible, compared to baseband. A broadband system is shown in 
Figure 54 Neteoapes ky 
4. Medium access contro! methods 
The access method itself is one of the most important aspects of local area net- 
work design. Since only one device can successfully transmits on the shared medium at 
a time. control is achieved with either acentralized a centralized or distributed method. 
The three techniques, carrier sense multiple access with collision detection 
(CSMA/CD), control token, and slotted ring are used for local area networks. 
a. CSMA/[CD 
CSMA/'CD is used with bus network topologies. A station can transmit if 
the line is free; otherwise, it must wait. The waiting station will either back off for a 
specified time interval before listening again or continuously monitor until the line 1s 
clear to send. Because of propagation delay, a station can not be certain that no other 
station is transmitting. Therefore collisions occur. If a collision is detected during 
transmission, transmission ceases immediately and a brief jamming signal is transmitted 
to assure that all stations know there has been a collision. After transmitting that signal, 


a station Waits a random amount of time then attemps to transmit. The principal ad- 
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Figure 3. Transmission techniques 


vantage of CSMA,CD ts simplicity, and its disadvantage 1s to increase the probability 
of collision under heavy load. 
b. Control Token 

The control token is used with cither bus or ring networks. The control 
token 1s passed from one station to another. A station may only transmit, when it is in 
possession of the token, and after it has transmitted the frame, it passes the token on to 
allow other stations to access the transmission medium. This is a more complex and 
expensive technique than CSMA/CD. The control token has poorer performance than 


CSMA/CD at light loads and better performance at high loads. 
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c. Slotted ring 

This method is used with a ring network. The ring is first initialized to 
contain a fixed number of binarv digits by a special node in the ring known as a monitor. 
The format of a frame slot and topology outline are shown in Figure 4 [Ref. 6: p.211]. 

This stream of bits continuously circulates around the ring. All the slots 
are marked as full or empty. When a station wishes to transmit a frame, it first waits 
untl an empty slot is detected. It then marks the slot full and indicates the source and 
destination addresses. The main disadvantages of the slotted ring are, firstly, a special 
monitor node 1s required. Secondly, each slot can only carrv a limited amount of useful 
information; normally, multiple slots are required. 

5. Communication Switching Techniques 
Communication is achieved by transmitting data from station to station through 
a network of intermediate nodes. One purpose of the node is to provide switching fa- 
cility that will move the data from node to node until they reach their destination. There 
are three switching techniques; circuit switching, message switching, and packet switch- 
ing. 
a. Circuit Switching 

In circuit switching, a dedicated communication path is established between 
two stations before data transmission begins. There 1s an actual physical connection 
between two stations. Communication using circuit switching techniques involves three 


phases. 


1. Circuit establishment: before any data can be transmitted, an end to end circuit 
must be established. 


2. Data transfer: after circuit established, signals can be transmitted. 


3. Circuit disconnect: after some period of data transfer, the connection 1s terminated. 


These techniques are rather inefficient. Channel capacity is dedicated for 
the duration of the connection, even if no data are begin transmitted. Data are trans- 
mitted at a fixed data rate with no delay other than the propagation delay through the 
transmission links [Ref. 3: p.28}. 

b. Message Switching 

In message switching, when a station wishes to send a message it appends 
a destination address from node to node. ‘At each node, the entire message is received, 
stored briefly, and then transmitted to the next node. This system is also known as a 


store-and-forward message system. 
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Figure 4. Slotted ring 


The basic advantage of this approach over circuit switching are: line efh- 
ciency 1S greater, simultaneous availability of sender and receiver is not required, heavy 
traffic messages are still accepted (but delivery delay increases), one message can be send 


to many destinations, and message priority can be established [Ref. 3: p.29]. 
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c. Packet Switching 

This technique is commonly used in LAN environments. A message must 
be divided into smaller units (packets). A copy is temporarily stored for error recovery 
purposes. 

For handling entire messages over a packet switched network, there are two 
approaches: datagram and virtual circuit. 

{lj} Datagram: — Each packet is treated independently. So the packets, 
each with the same destination address, do not all follow same route. Thus it is possible 
that the packets will be delivered to the destination in a different sequence from the one 
in Which they were sent. The way of reordering the packets depends on the network 
computer system and higher-level software protocols. 

(2) Virtual Circuit; A logical connection is established before any 
packets are sent. But this does not mean that there is a dedicated path, as in circuit 
switching. In the X.25 version of packet switching, each packet is contains a virtual 
circuit identifier as well as data. Each node on a pre-established route knows where to 
direct such packets. No routing decision 1s required. One of the stations terminates the 
connection with a clear request packet. If two stations wish to exchange data over an 
expanded period of time, there are certain advantages to a virtual circuit. 

One advantage of the datagram approach 1s that the call set up phase 
is avoided. Thus if a station wishes to send only one or a few packets, datagram delivery 
will be quicker. Another advantage of the datagram service is that, because it is simpler, 
it is more flexible. If a node fails, in a X.25 virtual circuit, all virtual circuits that pass 
through that node are lost. With datagram delivery, if a node is lost, the packet can find 
another route (Ref. 3: p.32]. 

6. Network Standards and Protocol Architecture 
The desired goal is to establish a local area network specification with recog- 
nized interface and protocol standards that will allow networks and devices from differ- 
ent vendors to communicate with each other. When communication 1s required among 
the different devices, there are few hardware problems. But, software can be a big 
problem. Communication is possible with a common set of rules. The network requires 


Standards. 
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a. The OSI Layers 

The open system interconnection (OSI) specifies an architecture for open 
system communication. This model, used as a reference in comparing different protocol 
architectures, allocates functions to protocol lavers. 

The OSI model, bv defining a seven-layer architecture, provides a frame- 
work for defining these standards. Each of its seven lavers focuses on the needs of a 
specific area within networking. These seven layers are: 

Layer 1-The physical. Describes the phvsical and electrical connections 
among stations. 

Layer 2-The data link. Describes the method by which information is 
packaged before transmission and disassembled upon reception. Responsibilitv of both 
software and hardware. 

Layer 3-Network layers. Defines how the most economical and efficient 
transmission lines are accessed in the transmission medium. Network layers functions 
are usually software driven. 

Layer 4-Transport laver. Monitors the transmission between the stations 
after the path has been selected. Insure the reliability of the system during a data 
transmission. A function of both hardware and software. 

Layer 5-Session layer. Insures that a station wanting to communicate is set 
up to do so. Usually a software responsibility. 

Layer 6-Presentation layer. Translates data into a format that can be 
viewed and manipulated by a receiving station. For example, the translation of data 
generated by one database manager to run on another database manager. Most often 
done by software. 

Layer 7-Application layer. Governs how useful application software is to 
the overall functioning of the network [Ref. 4: p.184]. 

The OSI reference model is shown in Figure 5 [Ref. 7: p.16]. 

Essentially, the lowest three layers are concern with the communication 
protocols associated with the data communications network . The upper three lavers 
are concerned with the protocols necessary to allow two heterogeneous operating sys- 
tems to interact with each other. The intermediate transport layer then makes the upper 
protocol lavers from the detail workings of the lower network-dependent layers. 

The function of each layer is formally specified in the form of protocol 


which defines the set of rules and conventions which are used by the layer in order to 
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Figure 5. OSI Reference Model 


conumunicate with a similar layer in another system. Each layer provides a defined set 
of services to the layer immediately above it, and in turn, use the service provided by the 


next lower layer to transport the message units associated with the defined protocol of 


thatthe 
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b. The LAN protocols 

LAN protocols can be divided into two basic levels: low-level and high-level 
protocols. The function of low-level protocols is to transport groups of bits through the 
network. The other function of the low-level protocol is to support high-level protocols. 
The work of the IEEE on the 802 series of standards for LAN protocols is only con- 
cerned with the lower layers of the models, and deals with the physical layer (voltage, 
waves forms, etc.) and the media access (resolution of contention for the common me- 
dium, physical address). The LAN standards generally regard the second laver of the 
ISO model as split in two and define separate protocols for the media access and the 
link. Figure 6 shows the relationship between the OSI model and LAN protocol lavers 
of the IEEE 802 [Ref. 8: p.357]. The higher laver protocols must then be obtained from 
standards prepared bv the ISO. 

As shown in Figure 6 the function of the ISO data-link layer is part of the 
logical link control and part of the media access control of the IEEE 802. 

The medium access control laver provides for use of a random access or 
token procedure for controlling access to the channel and also includes addressing of the 
data frames and frame-check sequences. The logical link control layer provides a basic 
data-link protocol with at least two kinds of service. 


e Unacknowledged connectionless service, which is similar to the datagram service. 


e Connection-oriented service, which 1s similar to the virtual-circult service. 


7. Interface/Internetworking 
a. The network interface unit (NIU) 

The NIU ts a microprocessor device. The NIU acts as a communication 
controller to provide data transmission service to the attached device. The NIU trans- 
forms the data rate and protocols of the subscriber device to that of the local network 
transmission medium and vice versa. The NIUs control access to the communication 
channel across the local network. Subscriber device attach to the NIU through the some 
standard communications or I/O interface. The NIUs accept data from attached device, 
buffer the data until medium access is achieved, transmit data in addressed packets, scan 
each packet on medium for the devices own address, read packet into buffer, and trans- 
mit data to attached device at the proper data rate [Ref. 3: p.209]. Figure 7 shows an 


oremtecture fora NIU. 
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b. Network Nodes 

Network nodes (to which stations are attached) form the boundary of a 
network. 

Bridges and gateways are two type of nodes which provide specific service 
to networks. 

Networks are interconnected through gateways. The function of gateway 
nodes is packet conversion, addressing and routing. 

Gateways are used for connections between dissimilar LANs, and between 
LAN and long haul networks of different architectures. 

The bridge is used for interconnecting two networks with identical archi- 
tectures, A bridge offers more functionality than a repeater. ‘A system with throughly 
separate but homogenous networks reguires a bridge to connect them. Interconnecting 
two or more LANs would require a large backbone LAN. Figure 8 illustrates the types 
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Figure’ 7. NIU Architecture 


An individual PC equipped so it can connect to a LAN normally has just 
one network adapter. However, it’s possible for two networks to be linked by a single 
PC that acts as a bridge/gateway between them, just as a PC can function as a file server 
Or print server. The PC that acts as bridge must be dedicated: that 1s, it can’t handle 
anything else while it’s acting as a bridge. The PC bridge contains interface cards for 
two networks. They may be on the same or different networks. 

8. PC Network Configurations 


Before setting up the network, we necd to give some answers to key questions. 


stiese are: 
¢ How many users will there be? 


e iow many servers will there be? 


There are no precise rules for deciding these questions. The IBM PC network 
program allows for one of four different types of configurations for each work station, 
There are three levels of user configuration and one configuration for servers. The dif- 


ferent kinds of user configurations are: messenger, receiver, redirector. The server con- 
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Figure 8. The Types of Interconnection of LANs 


figuration allows user computers to use its fixed disk and printer. Every configuration 
can send messages. [fowever, a redirector cannot reccive messages, and a receiver Gain 
not forward messages to another workstation. 
a. Servers 

The PC network will allow us to use some application programs such as 
DBase 3 plus, Wordperfect, and Lotus. We can access these programs through the 
server. [lus computer allows us to share its resources. 

One server may function simultancously both as file and print server. The 
network file server software is usually stored on a hard disk drive controlled by the file 


server. A file server contains disk spaces that are accessible towotlicr PCs on tiiemmer 


work. A print server has a printer or other hardcopy device that can be used by any PC 
on the network. 

(1) File servers: Any file on the file server's disk can be read or copied 
by any PC in the network. The file server also maintains control of file access. For ex- 
ample, a file server may offer password controls to ensure that only authorized personnel 
have access to certain files. 

(2) Print servers: A print server allows users to share a printer. If us- 
ers Want to use a high-quality printer, they need to share a printer on the network, be- 
cause these devices are more expensive than the normal printer. When a printer 1s 
shared among the users, they send their files to the computer (print server). The print 
server saves the files in a spool file, and then transmits the file from the spool to its 
printer. Thus, each computer that offers to share a printer must have a queue manager; 
It is built into the PC network software. 

The same PC can play both roles at the same time; it can simultane- 
ously provide resources to others and use services that others provide. 

(3} Memory/disk requirements. To run network programs, share disk 
files, and store print files, a server must have at least 320k bytes of memory and at least 
one hard disk. Ideally, a server runs on a PC/AT with at least 512k bytes of memory 
[Ref. 9: p.41]. They should have as much memory as possible. A server must have a 
fixed disk that makes space available to other users by offering to share its directories. 
The transfer rates to the fixed disk of the IBM PC/AT is significantly faster than that 
of the PC/XT. Because of this, there is an advantage in using PC/ATs as file servers. 

A server which 1s providing printer service passes user data through 
a set of buffers. Space for these buffers is set by default at 16k of main memory, but 
may be set as high as 48k [Ref. 10: p.209]. 
b. Users 
A user uses a server's disk, directory or printer, and sends, receives and saves messages. 
As we stated earlier, there are three user configurations. Ecah one has different func- 
tions. 

The messenger is the network configuration that has the most features after 
the server. The messenger can do everything a server can do, except share disks, direc- 
tories, and printers. The messenger must have at least 256k bytes of memory. The re- 
ceiver configuration is the basic network device type. Because of its limited capabilities, 


the receiver needs only 192k bytes of memory. The redirector is the most limited net- 
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work configuration. Because of these modest network capabilities, the redirector needs 
only 128k bytes of memory [Ref. 9: p.42]. 

Each user needs two floppv-disk drives, one for programes and one for data. 
A floppy-disk drive allows a user to load programs not available in the directories of the 
server, and it is useful for copying data. For all these reasons, a user must have at least 
two floppy-disk drives. 
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IV. LAN SOLUTION 


A. INTRODUCTION 
This chapter discusses, firstlv, the selection of design issues such as transmission 
medium, topology, transmussion techniques, and access control methods; secondly, it 


will present a model of a LAN. 


B. THE SELECTION PROCESS 
The main design issues of LANs are: transmission medium, topology, transmission 


techniques, and access control. Table 2 presents options for each design issues. 


Table 2. OPTIONS FOR DESIGN ISSUES 


Transmission me- Transmission tech- 
j Topology eae Access Methods 
dium = niques 


CSMA.CD 


twisted-pair wire token passing ring 
broadband token passing bus 
fiber optics 
TDM 





1. Topology 

The choice of topology depends on reliability, expendabilitv and performance 
factors. The choice is part of the overall task of designing a local network. 

The bus/tree topology appears to be most flexible one. It 1s able to handle a 
wide range of devices, in terms of number of devices, data rates, and data types. High 
bandwidth is achievable. Because the medium is passive, it would appear highly reliable 
[Ref. 3: p.57]. A topology decision tree is shown in Figure 9 [Ref. 11: p.28]. 

The advantages and disadvantages of each topology are given below: 


1. Ring networks: Simplicity of access and transnussion. No need for central control. 
Assured access to the network is provided. Bypass circuitvy and wire centers prevent 
the ring from failing if a node fails. 


2. Bus'tree network: Distributed network control. Each station has equal control 
capability. Addition or deletion of stations seldom requires adjusment of the net- 
work. 


Zi 


TOPOLOGY 


~~ a 


STAR/TREE BUS/TREG RING HYBRID 


(CENTRALIZED) (BROADCAST) / \ 


SLOTTED BROADCAST 





Figure 9. Decision Tree for Topology 


3. Star topology: Low data rate duc to the inability of the control node to support 
more than one conversation. If the central node is fails, it would halt all oper- 
ations. 


The choice of transnussion mediuin and topology are not independent. Table 


3 shows the relationship between medium and topology [Ref. 3: p.68}]. 


Table 3. RELATIONSHIP BETWEEN MEDIUM AND TOPOLOGY 


I ie 


Twisted-pair > Vinee 


| Basebandcoax, | | 
| Broadbandcoax, | * OT * 
| Optical fiber | 





After comparing the topologies, we chose a bus topology for casy expansion. 


i) 


Transmission Medium 
The media that have been used in local networks includes twisted-pair wire, 


coaxial cable, and optical fiber. Table 4 summarizes some of the important charactcr- 
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istics of the various media [Ref. 3: p.61]. The decision tree is shown on figure 10 [Ref. 
Rie .50). 


Table 4. CHARACTERISTIC OF THE MEDIA 
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Types of transmitted information throughout LAN are data and imagery. We 
need to transmut voice and video in near future. Figure 11 shows product selection trees 
to determine the best medium for an environment [Ref: 12: p.174]. 

To decide which medium to select fora LAN, we move from left to right across 
the selection tree checking the distance, bandwidth, and applications supported by 
twisted-pair, baseband, and broadband. The optical fiber is currently best only for 
point-to-point communication. We chose a broadband coaxial cable, which offers suf- 
ficient bandwidth to support data, voice, and video. Baseband coaxial cable has only 
data and some limited voice capability. 

Comparing the characteristics of transmission media and requirements of a 
LAN we selected broadband coaxial cable. 

3. Transmission Techniques 

There are two transmission techniques, baseband and broadband. The argu- 
ment or tradeoff between the broadband and baseband is cost versus bandwidth, data 
rate. 

Baseband employs much lower bandwidths-usually no more than 50 Mhz-and 
the bandwidth is taken up by transmitting one signal. The bandwidth of broadband 
signals is usually far greater than that of baseband. It 1s often the order of 300 Mhz or 
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TRANSMISSION TECEINOLOGY 


Tprstee Pair I'iber Optics Coaxial Cable 


Baseband RI-CATV 


Single Cable Dual Cable 





Figure 10. Decision tree for transmission media 


more. The primary advantage of the broadband system ts its handhng of video trans- 
mission. Broadband systems usually have their available bandwidth broken up into a 
number of channels. Each of these channels has the potential for transmitting image, 
datas viorce, anditex 

The aim of broadband systems is to provide a LAN with the capability of han- 
dling large numbers of devices over distances up to ten miles and to carry data, image, 
and voice transnussions. Bascband systems are generally regarded as being insufficient 
for continuous video or voice applications. Yet, baseband systems are much less cx- 
pensive and more available today. Table 5 shows the advantages and disadvantages of 


the two tecliaiies iNet 30.57): 
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Twigted pair 


Distance =< 100 meter 
Bandwidth =< 1uW KHz Baseband coaxial 


Data only 


bistance =< 2.5 Ko 
Handwith =< 100 KHz 
Data, limited voice 
Hroadband coaxial 


Distance =< 100 Ko 
Bandwidth =< 400 KHz 
Data,voice and video 





Figure 1t. Selection tree for medium 


We compared the characteristics of baseband and broadband systems. We 
considered requirements for a LAN, high capacity and multiple data types, and we se- 


lected broadband as a transmission technique for the LAN. 


Table 3. BASEBAND VS BROADBAND 





DISADVANTAGES ° 








ADVANTAGES 






BASEBAND 
Cheaper no modein Single channel 
Limited capacity 


Limited distance 
Grounding concerns 


BROADBAND 


High capacity Modem cost 


Multiple traffic types Installation and maintenance complexity 








Simpler technology 













Easy to install 
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4. Channel Access Techniques 

The decision tree for access method ts shown in Figure 12 
(Ref. 11: p.28]. The dedicated access method is not appropriate because it wastes re- 
sources and 1s inflexible for most office and data processing environments. Both con- 
trolled and random access are techniques which permit sharing of a high bandwidth 
medium by a multiplicity of contending users. 

In controlled access, contention 1s reduced bv polling or use of reservations. 
Roll-call polling assumes the centralized controller interrogates each subscriber sepa- 
rately and allocates the channel accordingly. 

There is a correlation between network topology and access method. At pres- 
ent, CSMA,CD and token bus are two of the principal contenders for medium access 
control technique on a bus;tree topology. The advantages and disadvantages of 
CSMA'CD versus token bus is shown in Table 6 [Ref. 3: p.125]. 


Table 6. CSMA/CD VS TOKEN BUS 


Good performance and low to medium 
cag 


Tolerates large dynamic range 
Unproven technology 
Regulated access 


Token polling is more suitable for nodes with heavy traffic (for example, file 












transfers) and CSMA,CD 1s appropriate for a large number of bursty users (for example, 


in an office and interactive data processing environment). If we compare both access 
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Figure 12. Decision tree for access methods 


techniques, we select CSMA;CD as an access method which 1s suitable to our environ- 


meet. 


C. DESIGN ISSUES IN BROADBAND LOCAL NETWORKS 

In the previous section, we selected a broadband LAN. Broadband transmission ts 
performed in the VHF band by employing RF modulation. It can support multiple 
frequency division multiplexing (TDM) channels for data, voice, and video. Note that 
RF transmission requires separation of transmit/recerve signals either via two separate 
cables, or by splitting the bandwidth of a single cable and translating transmit/receive 
signals at a headend. 

1. Yransmission Medium 

Coaxial cable (75 ohm cable) is used as the transmission medium because of its 

capacity, available bandwidth of 300 to 400 Mhz, high speed data transmissron rates and 


mem low bit error rate. 
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2. Implementation 

A broadband network carries mixed media services. The question of whether 
to use single or dual cable distribution, remains to be answered. To accomplish 
bidirectionality, two different cable schemes are used; single cable and dual cable as 
shown in Figure 3. 

A dual cable network uses one cable toward the headend ( for inbound carriers), 
and the other, created through a physical loop at the headend ( for outbound carriers). 
The dual cable is represented by a single cable that loops at the headend, thus creating 
two separate paths, inbound and outbound. Single cable uses frequency-spectrum split 
to achieve bidirectional communication. 

There are three frequency splits: sub-split, mid-split, and high-split. The avail- 
able frequency range is split into a “return” band ( from the user to the headend ) and 
a “forward” band ( from the headend to the user ). Figure 13 illustrates frequency allo- 
cation for each [Ref. 13: p.110]. 

In the sub-split format, the total bandwidth of the return path is 25 Mhz and 
the total bandwidth of the forward path is 346 Mhz. Sub-split has been the most pop- 
ular scheme. 

In the mid-split format, the bandwidth of the return path is 103 Mhz, and the 
bandwidth of the forward path is 226 Mhz. It has greater available bandwidth for the 
return path. It allows for more duplex data communication links. IEEE committee 802, 
through it’s TR 40.1 committee, has endorsed the mid-split format until a new high-split 
format is formally adopted. 

In the high-split format, the available bandwidth is divided into two equal 
portions for the forward and return paths. The return bandpass is from 5 to 175 Mhz 
and the forward bandpass is from 232 to 400 Mhz. High-split networks are more ap- 
propriate for pure data communications than for mixed mode services. 

Dual cable networks are less cost effective than single cable networks because 
they require twice the amount of hardware, to support the inbound and outbound ca- 
bles. The single cable networks have half the number of components of the dual cable. 
Studies indicate that an average of only 35 percent of the total available bandwidth is 
currently being used in broadband local networks [Ref. 13: p.114]. 

There are exceptions, but generally only a fraction of the available bandwidth 
is needed in each direction to meet the requirements for most local networks for data, 


Voice, video, and control. Single cable networks fit, especially if the network is to be 
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Figure 13. Frequency Allocation of the Three Split Format 


installed in an existing facility. Single cable networks can be representing as a branching 
trec, Which simplifies network design and also facilities network maintenance. I]t 1S easy 


to trace such a topology. Dual cable networks become a problem, since the loop must 


be maintained throughout the network. 
We compare the three split formats and we sclect the mid-split format using 


single cable broadband system. 
The components of the single cable broadband systems are cable 75 olum 


coaxial cable ) with 75 ohm terminator for all end-points, amplifiers, directional cou- 


plers, and controllers. 


Cables used in broadband LANs are of three types: trunk, distribution, and drop 
cable [Ref. 3: p.83] and trunk cables for larger systems. Distribution cables are used for 
shorter distances. Drop cables are used to connect stations to the LAN. For single 
cable systems, amplifiers must be bidirectional, passing and amplifying lower frequencies 
in one direction and higher frequencies in the other. 

Directional couplers or taps divide on input into two outputs and combine two 
inputs into One output. Splitters are used to branch the cable. The broadband tap is a 
passive directional coupler that provides a mechanical interface between the trunk and 
the drop cable. The maximum length between the tap and the modem 1s 50m. 

In the military environment, network redundancy is desirable, since it provides 
a back up to crucial network services in case the primary network is damaged. In a 
mid-split network, two cables are installed side by side, providing the redundant com- 
munication path. Figure 14 shows the network redundancy [Ref. 13: p.122]. 

3. Layout of the system 

Using the basic components of a broadband cable system, the layout of the 

military LAN can be drawn as in Figure 15. 
4. Channel Allocation 

. A mid-split cable requires a headend device to translate the inbound frequency 
to the outbound frequency. The IEEE 802 local network standard specifies a single ca- 
ble using a mid-split configuration. It refers to the frequency spectrum from 5 to 300 
Mhz, with 5 to 108 Mhz reserved for the inbound frequencies, and 162 to 300 Mhz re- 
served for the outbound frequencies. The frequencies for 108 to 162 Mhz are reserved 
as a guardband to prevent interference between the inbound and outbound frequencies. 


Figure 16 shows the typical band allocation scheme [Ref. 14: p.132]. 


D. BROADBAND PERSONAL COMPUTER LANS 
This section consists of hardware, protocols, bridge/gateways. We examined the 
broadband technology in the previous sections. 
1. Hardware 
The hardware for attachment of PC’s to LANs typically consists of an adaptor 
card which is mounted internally to the PC chassis. It provides a high-speed interface 
to the PC’s internal bus. For broadband systems, the LAN interface must include a 
modem. These components may be packaged in various combinations. 
In addition to a network interface for each user device, a broadband system re- 


quires a cable system including a headend as we stated in the previous sections. 
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Fieure I4. The Network Redundancy 


Normally the cable is a standard commercial CATV system supporting multiple services. 
Headend equipment is available from several vendors, typically in increments of 6 Mhz 
channel slots. If a computer in the IBM PC Netis located more than 200 fect from the 
headend, the network must use base expander. 
2. Software and Protocols 

To provide full communication capabilitics, all layers of the ISO protocol hier- 
archy should be provided. The physical level includes a modem in broadband systems, 
often supported along with the link level by a specialized controller located tn the 
adaptor. Nctwork, transport, and session level functions can be performed in the 


adaptor, providing a general purpose communication service to the PC itself. 


of 





Figure 15. Layout of the System 


3. Bridges 
We want LANs on ships and between ships and HQ, so we need to connect the 
LANs by bridges. In broadband systems, at the physical level, the RF technology of 
cable splitters, combiners, taps, amplifiers to remote subheadends are used to provide 
channels over a wide area. Several different frequency channels may be used globally to 
support even more nodes, with the channels connected by bridges. 


Separate cable segments, cach with its own headend can be joined by bridges, 


allowing reuse of the same frequency channel on each segment. 
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Figure 16. JEEE 40.1 Band Allocation 


4. Selecting The Configuration 

There are two basic types of devices: servers and non-servers. It is best to con- 
figure all non-server PCs alike. We configure alt non-servers as messengers. This wit 
provide the most desirable features. : 

Under this mode of operation the PCs can perform functions such as using a 
server's disk, directory or printer; sending and recciving messages; saving messages re- 
ceived from other computers; using another name to receive messages; transferring 
messages to another computer; and using the network request key to switch from local 
application processing to the network program. 

5. Selecting the Printer 
Printers are essentiat when network and other data must be recorded on hard 


copy. There are five types of printers which are commonty used. These are: daisywhceels, 
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dot matrix, thermal transfer, color ink jet, and lasers. What are the advantages and 
disadvantages of each type? The answers are detailed below. 

The major advantage of the daisywhell printer is its high reliability and print 
qualitv. Daisywheel printers operate at 20-80 cps (characters per second). The major 
disadvantage of the daisy wheel is its slow speed and its limitation to simple graphics. 
Word processing 1s one of its applications. 

A major advantage of dot matrix printers is high speed, ranging from 60 to 400 
cps in draft-qualitv mode. These printers are generallv inexpensive. Another advantage 
of the dot matrix printer is its graphics capability. With the relatively new double-pass 
capability, dot matrix printers produce near letter-quality characters. The major disad- 
vantage of the dot matrix printer still centers on print quality. Applications of these 
printers are spreadsheet, numerical data and graphics capability. 

The advantages of thermal transfer printers include speed ( 300 cps ), high speed 
(300 cps), quiet Operation, and high print quality. One disadvantage of thermal printers 
is their high cost. Applications of these printers are document processing, integrated 
text and graphics, bolding, and margin justification. 

Advantage of the color ink jet printer ts its ability to mix colors. They can 
merge text with color graphics. The main disadvantage of the color ink jet printer is its 
speed: a fairly slow 20 cps. Applications for these printers include color graphics; com- 
plicated computer-aided design drawings, providing rapid visual discrimination; medical 
reports and graphics. 

Laser printers offer a wide range of speeds, from 8 to 120 pages per minute. 
Text and graphics data are transmitted to the printer, with an entire page formatted be- 
fore printing begins. They produce letter-quality printed output. The key factor a po- 
tential user of a laser printer should determine is the recommended average monthly 
page volume. The manufacturer designs its printer to handle a particular volume. Re- 
liability depends on volume. The disadvantage of the laser printer is its high price. 
Applications for these printers include high-volume document production; graphics, 
logos, signatures, data and word processing, and engineering drawings [Ref. 15: p.110]. 

Compatibility and reliability is an important factor when choosing an appro- 
priate printer. Price versus performance is the another key to determining the best use 
of a printer. We compared the types of printers, and we selected quality dot matrix 


printers. 
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6. Space Allocation 
We need a plan for estimating fixed disk space requirements. The plan should 
give us the probable normal size expected for the various directories. A possible space 
budget is illustrated in Table 7 [Ref. 10: p.146]. The leftmost column of Table 7 shows 
the space that a directory is certain to consume for steadv use. The next column, headed 
mun, indicates the temporary space the user almost certainly needs in addition to the 
steady use. The rightmost column, headed “max”, indicates the amount of temporary 


space the user may require during peak use. 


Table 7. OUTLINE FOR A FIXED-DISK SPACE 


Steady size 
Directory (thousands Variable (min-max) 
of bytes) 


[Nework director Gerver porto) [30 [0-0 
oot les avaing pcner— [0 | fon- 8000 
[Batch directory (ervey) [| 3 ~«| SSS 
“Apps directory Batch (for newwork) [3 
[Network (user portion) «| 0d SS 
a a 
Me eC] |] CC 
[Application | (word perfeey [1300 
[Application 2 (data perfec) | 100] 0-0 
[Application 3 (plan perfect) | 150 | 0-0 
a 



















E. CHOOSING A LOCAL AREA NETWORK 
In the previous sections, we examined LAN design issues. Based on the specifica- 
tions of the requirements of the Turkish Naval Base, LAN access method, transmission 
media, topology, transmission methods were selected. 
e Coaxial cable 


e Broadband 
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CSMA/CD 
Bit error rate 10-9 


4 servers AT - 40 Mbyte hard disk, 1.2 Mbyte floppy drive, 360 K floppy drive, | 
Mbyte main memory. 


16 users AT (80286) - two 360 K disk drives, 1 Mbyte main memory ( expandable 
to accommodate O, $2 requirements ). 


4 dot matrix printer. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


The purpose of this thesis was to provide the key elements and guidelines for de- 
signing a LAN in the ship and between ships and HQ. In the first part of this thesis, 
overall system was reviewed, user requirements were identified and analyzed and then, 
several LAN requirements were identified. In the second part of this thesis, major design 
issues Were examined. The issues include topology, transmission medium, transmission 
techniques, access methods, standards, and PC LAN configurations. 

In the last part of this thesis, major design issues were compared with requirements 
and selection trees were used to select LAN components. The LAN was selected and 
recommended. 

It is expected that this study can serve as a guideline for constructing the LAN to 
connect system elements. Packet radio could be used for communication between ships 


at sea and between ships and HQ. This is a subject for future research. 
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APPENDIX A. NETWORK TRAFFIC CALCULATIONS 


The statistical characteristics of each application was shown in Table 1. In the Ta- 
ble 1, “duty factor” describes average data rate of each application as a percentage of 
peak data rate. It means that a period of data transmission is not always operating at 
peak data rate. The period of data transmission depends on the applications. Thus, to 
calculate traffic requirements for the system, we have to multiply peak data rate by duty 
factor. The result of the multiplications are shown in Table 8. 

Assumptions have been made about the nature of the traffic which would be gen- 
erated in typical departmental configurations. The percentage usage rate of each appli- 
cation by a work station 1s estimated and shown in column 5. Multiplication of average 
data rate with usage rate of each application gives the data rate of the application for 


per user per second. Summation of column 6 gives the required data rate of each user. 


Table 8. NETWORK TRAFFIC 












AEP ICA ies 







[Word processor | 96 | 3 | 8 | 3s [10 
[Database 96 | 0 | 96 | is at 
[Spreadsheet | 96 [10 | 96 | 1s [aa 


Car | Ca 


With 20 users, the total system load is 278.16 kbps. This figures represents a maxi- 
mum load assuming that all users are active simultaneously. Such volume is unlikely to 
happen; however, it does provide a potential load figure for the source utilization profile. 


Because of the popularity of the Ethernet CSMA/CD access protocol, to estimate over- 


head data, we can take into account the Ethernet frame format which is shown in Figure 
i | Ref. 16: p.9}]. 


Field lengths (bytes) 


Preamble 


— Qa Multicast bit 


Block 
number Destination 


address 
Device 


Block 
number Source 


address 
Device 


46-1500 


Check field 





Figure 17. Ethernet Frame Format 


- 


The Ethernet frame format has 26 control bytes and the 802 standard recommends that 
the length of the data field would be between 46 to 1500 bytes [Ref.8: p.385]. With 46 
bytes data field overhead data is 36.11 %. With 1500 bytes data field overhead data 1s 
1.7 %. The maximum packet size is based on efficiency and collision avoidance. 512 
bytes packet length is optimum. [Ref. 17: p.245]. For 512 byte packet length overhead 
data is 5 %. Thus, 


Useful data = Total data - Overhead data - Data transmitted in error 
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Useful data transfer can be computed by the formula. In the formula error rates 


are ignored since typical error rates are | bit in a billion for LANs. The useful data is 
264.25 kbps. 
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APPENDIX B. GLOSSARY 
BASEBAND: Transmission of signals without modulation. 
BRIDGE: A device that links two homogeneous packet-broadcast local networks. 


BROADBAND: The use of coaxial cable for providing data transfer by means of 
analog signals. 


BUS: One or more conductors used for transmitting signals or power. 


CATV: Community Antenna Television. CATV cable is used for broadband local 
networks, and broadcast TV distribution. 


CIRCUIT SWITCHING: A method of communicating in which a dedicated path 1s 
established between two devices through one or more intermediate switch- 
ing nodes. 


COLLISION: A condition in which two packets are being transmitted ove r a medium 
at the same time. Their interference makes both unintelligible. 


CONTENTION: The condition when two or more station attempt to use the same 
channel at the same time. 


CSMA/CD: Carner Sense Multiple Access with Collision Detection. A refinement of 
CSMA in which a station ceases transmission if it detects a collision. 


DATAGRAM: In packet switching, a self-contained packet, independent of other 
packets, that does not require acknowledgment, and that carries informa- 
tion sufficient for routing from the originating data terminal equipment 
Without relying on erlier exchanges between the data terminal equipments 
and the network. 


FDMA:  Frequency-division multiple access. A technique for allocating capacity on 
a sattellite channel using fixed-assignment FDM. 


GATEWAY: A device that connects two systems, especially if the systems use different 


protocols. 

LAN: Local Area Network. A general-purpose local network that can serve a 
variety of devices. Typically used for terminals, microcomputers, and 
minicomputers. 


PROTOCOL: A set of rules that govern the opreation of functional units to achieve 
communication. 


REPEATER: A device that receives data on one communication ring and transmits it, 
bit by bit, on other link as fast as it is received, without buffering. 


RING: A local network topology in which stations are attached to repeaters con- 
nected in a closed loop. Data are transmitted in one direction around the 
ring, and can be read by all attached satations. 
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TOKEN: A medium access control technique for bus’tree. Station from a logical 
ring, around which a token 1s passed. A station receiving token may trans- 
mit data, and then must pass the token on to the next station in the ring. 


TOKEN RING: A medium access control technique for rings. A token circulates 
- around the ring. A station may transmit by seizing the token, inserting a 
packet onto the ring, and then retransmitting the token. 


TOPOLOGY: The structure, consisting of paths and switches, that provides the 
communications interconnection among nodes of a network. 


TRANSMISSION MEDIUM: The physical path between transmitters and receivers 
in a communication system. 


TREE: A local network topology in which stations are attached to a shared trans- 
nussion medium. 


UNBALANCED TRANSMISSION: A transmission mode in which signals are trans- 
mitted on a single conductor. Transmitter and receiver share a common 
ground. 
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